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INTRODUCTION 
The search for higher strength trom existing alloys 
is never ending. 70-30 cartridge brass is one ot the most 
widely used. It offers a non-magnetic material which is 
relatively corrosion resistant, has satisfactory spring 
properties and a relatively high electrical conductivity. 
This combination ot properties make 1t useful for electrical 
springs and contacts in its cold rolled torm. However, 
tor many applications more expensive phosphorus bronzes 
must be used to obtain the necessary strength. A process 
whereby the strength ot 70-30 cartridge brass could be in-
creased would be of obvious commercial importance. 
The most widely known application ot 70-30 cartridge 
brass employs its most outstanding property, that ot 
exceptional ducti1ity and formability. The multitude ot 
deep drawing applications con:tirm this statement. Many ot 
these applications are ot a decorative nature requiring a 
tina1 butting operation to produce the popu1ar lustrous 
finish. In these applications the cost ot buffing is 
directly related to the grain size ot the strip, and tine 
grain sizes are in demand. These tine grain sizes present 
stil1 another advantage as most fabricated articles require 
relatively high strengths. Higher strength can be realized 
by cold rolling the strip or by obtaining smaller grain 
sizes. The latter is the more desirable product since the 
1 
ductility or a fully recrystallized strip is higher than 
a cold rolled product or equal tensile strength. The 
lower limit of grain size is restricted by present com-
mercial processes and it is evident that a process lower-
ing this limit would be of commercial value. 
Bridging the gap between the high strength spring 
materials and the ductile drawing materials is a variety 
or prcperty combinations or great commercial importance. 
The properties within this range have been used by brass 
producers to 11tailor" brass ror speciric applications. 
Because or the rapid change in properties with temperature 
in this range, this practice bas not become wide-spread. 
A process permitting greater control or these properties 
would have signiricant commercial acceptance. 
Past experience ( 1 ) in the annealing of 70-30 brass 
has shovn that the streqgth of the cold deformed strip can 
be substantially increased by a stress relief anneal. This 
treatment has also resulted in better bending properties 
and ratigue lif"e ma.king it more applicable to spring 
applications. It has also been shown ( 2 } that the amount 
or this increase in strength is directly related to prior 
grain size and the amount or cold derormation. This 
reasoning led to the theory that ir the anneal prior to 
(1) Unpublished Data, Technical Files. 
(2) Hartmann, R. F., Unpublished Research. 
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The tine..l cold reduction was below the recrystallization 
temperature, the grain size tre.gments would be appreciably 
sma11er than those resulting trom a recrystallizing anneal. 
Since the strength ot the tinal product is also dependent 
on the tine.1 rolling reduction, the aforementioned low 
temperature anneal would also resul.t in an ettectively 
greater tinal reduction. 
The above conditions also aid in the production of a 
material with a smaller grain size. It has been shown C3 > 
that the average recrystallized grain size is the smaller, 
the larger the degree ot prior detorme.tion. The large 
etfective detormations resulting from the above treatment 
should permit grains smaller than are available from 
commercial processing methods. 
Because ot the possible commercial application ot 
the proposed treatment ot 70-30 brass, this work was under-
taken. In addition, the data resulting trom this work will 
reeult in a better understanding ot the treatment ot brass. 
The obJectivee ot this work were as tollows: 
(1) Determine it higher strength and better 
spring properties can be realized trom a 
process tor commercial 70-30 cartridge bre.se 
wherein the regular recrystel.lizing anneals 
between rol.ling reductions are 
(3) Jettries, Zay & Archer, R. s., The Science ot Metals, 
Mc-Graw-Bill Book Co., New York, 1924, p. 25. 
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replaced by stress relief anneals. 
(2) Determine if it is possible, using the 
above process, to produce essential1y 
fully recrystallized metal with an 
average grain size below that usually 
obtained by commercial processing. 
(3) Determine whether the commercially 
desirable combination of mechanical prop-
erties of a partially recrystallized 
structure can be realized. 
4 
II 
REVIEW OF LITERATURE 
---------
The detorma.tion and annealing of metals has been 
studied extensively both from a practical and a theoretical 
viewpoint since 1881, when Kalisher C4) observed that heat-
ing caused changes in the "Molecular structure" of cold 
worked zinc • As a result there is a tremendous volume of 
literature. No attempt will be made to review the litera-
ture exhaustively s:ince excellent reviews have been given 
by Burgers, (5) Mehl (6 ) Jettries and Archer,(7) Sachs and 
Van Horn, (8 ) Burke, (9) and Burke and Turnbull.(lO) 
(4) Kalisher, R., Ber dtsch, chem. Ges. 14/2 (1881) 2747. 
(5) Burgers, W. G., Handbook der Metallpbysik, Vol. 3, 
Part 2, Rekristallization Verf'ormter Zustand und 
Erholung, J. D. Edwards, Ann Arbor, Michigan, 1941. 
(6) Mehl, R. F., Chapter in Metals Handbook, Am. Society 
tor Metals, 1948, p. 259. 
(7) Jeffries, Zay and Archer, R. s., The Science of Metals, 
McGraw-Hill Book Co., Nev York, 1924, p. 25. 
(8) Sacks, G. and Van Horn, K. R., Practical Metallurgy, 
Am. Society tor Metals, 1940, p. 123. 
(9) Burke, J.E., Grein Control in Industrial Metallurgy, 
Am. Society tor Metals, 1949, p. 1. 
(10) Burke, J. E. and Turnbull, D., Progress in Metal Fhysice 
III, Interscience Publishers, Nev York, 19521 p. 220. 
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Cold deformation changes almost all the mechanical 
and physical properties ot metals; the strength and hard-
nese are increased while the ductility and electrical 
conductivity are decreased. During the heating ot a de-
termed metal, these properties return to the values of the 
annealed state. This return of properties is a complex 
process; the metal passing through a number of stages be-
fore it is returned to the essentially undistorted state. 
The most noticeable eftect which occurs is known as re-
crystallization. There are however, a number of distin-
guishable stages which occur. These stages are usually 
classitied in four groups: recovel'>! primary recrystalli-
zation, grain growth and secondary recrystallization. 
More recently, a fifth stage has been studied. Cahn (ll) 
bas recently given an excellent review of this fifth 
stage - polygonization. 
This paper vill deal vith the first tvo of these 
stages. A brief review of each will follov. 
Recovery is the first change that occurs upon heat-
ing a detormed metal. Cottrell ( 12) has given an excellent 
review of the recovery process and more recently Burke 
(11) Cahn, R. w., et al, Symposium on Polygonization, 
Progress in Metal Physics II, Interscience Publishers, 
Nev York, 1950, P• 151. 
(12) Cottrell, A. H., Journal Institute of Metals, Vol. 66, 
P• 163, 1940. 
6 
(13) 
and Turnbull. The rate of change in properties de-
creases as the process proceeds. Recovery is associated 
with the relaxation of residual stresses. (l4) An early 
study of the recovery ot X-ray line sharpness in alpha 
brass and other metals was made by Wilson and Thomassen. (15) 
A curve relating line width and hardness is shown in Fig. 1. 
Wood (l6) has also reported the sharpening of X-ray dif'trac-
(17) 
tion lines. Averbach however, concludes that recovery 
and recrystallization are two stages of' the same process. 
Recrystallization of a deformed metal resembles a 
phase transformation and can be described in similar terms 
i.e. nucleation frequency N and a linear rate of' growth 
(18) G. Strain free grains start to grov after the incu-
bation period from a number of sites, this number increas-
ing vi th time. Grovth continues until the matrix is consumed. 
(13) Burke, J. E. and Turnbull, D., Progress in Metal Physics 
III, Interscience Publishers, New York, 1952, p. 220. 
(14) Boas, W., Physics of Metals and Alloys, New York, 
Wiley, 1947, p. 132. 
(15) Wilson, J. E. and Thomassen, L., Trans. A.S.M., Vol. 
22, p. 769, 1934. 
(16) Wood, W. A., Phil. Mag., Vol. 194, P• 219, 1935· 
(17) Averbach, B. L., Trans. A.I.M.M.E., Vol. 185, p. 491, 1949. 
(18) Burke, J.E. and Turnbull, D., Progress in Metal Physics 
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Recovery of Cold - Worked 70-30 Brase With 
one hour Anneals. (Cold vorked by forging 
851 to 9~-) 
Wilson and Thomassen (l9) 
(19) Wilson, J. E. and 'l'homaesen, L., Trans. A.S.M., Vol. 
22, P• 769, 1934. 
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The "Laws of' Recrystallization" can be summed as 
follows: 
1. A minimum deformation is necessary to cause 
recrystallization. 
2. The smaller the degree of deformation, the 
higher is the temperature required to cause 
recrystallization. 
3. Increasing the annealing time decreases the 
temperature necessary for recrystallization. 
4. The final grain size depends chiefly upon 
the degree of' deformation, and to a lesser 
extent on the annealing temperature, being 
smaller the greater the degree of deformation 
and the lover the annealing temperature. 
5. The larger the original grain size, the 
greater is the amount of' cold deformation 
required to give equivalent recrystallization 
temperature and time. 
6. The a.mount ot cold vork required to give 
equivalent deformation hardening increases 
with increasing temperature or working. 
7. Continued beating atter recrysta.11ization is 
complete ca.uses the grain size to increase. 
The change in mechanical properties vhen cold de-
formed 70-30 cartridge brass is annealed, has been the 
subject or numerous investigations. Mathevson and 
9 
Phillips (20) presented characteristic annealing curves 
and suggested that material lightly deformed lacked 
sufficient "inner surfaces" ot slip to bring about re-
crystal1ization as such and healed upon annealing with-
out re-orientation of the grains. They also investigated 
the time necessary to start softening ot a 40 per cent 
hard 70-30 brass annealed at various temperatures from 
225°c. to 325°c. Bassett and Davis(2l) presented anneal-
ing de.ta, (Fig. 2) and were among the first to report 
that the condition prior to lov temperature anneals bad 
an effect on the final hardness and grain size (Fig. 3) 
of brass. Bassett and Davis,<21 > Smith, C22 > Upthegrove and 
Harbet (23) and others have shown that the grain size prior 
to cold working and subsequent anneal.ing affects the re-
sulte.nt recrystalliation and grain growth of 70-30 cart-
ridge brass. Cook and Miller<24 > shoved the effect of 
(20) Mathewson, c. H. and Phillips, A., Trans. A.I.M.M.E., 
Vol. 54, P• 608, 1916. 
(21) Bassett, w. H. and Davis, c. H., Trans. A.I.M.M.E., 
Vol. 60, P• 428, 1919. 
(22) Smith, F. G., Trans. A.I.M.M.E., Vol. 64, p. 1591 1920. 
(23) Upthegrove, c. and Harbet, w. G., Trans. A.I.M.M.E., 
Vol. 68, P• 7251 1923. 
(24) Cook, M. and Miller, H. J., Jnl. Inst. of Mete.ls, 
Vol. 49, P• 250, 1932· 
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Fig. 2. Mechanical Properties vs Annealing Temperature 
for 70-30 Cartridge Brass. 
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impurities on crystal growth. Wilson and Thomassen (25) 
have shovn that in brasses, the recovery of X-ray line 
sharpness begins belov the recrystallization range but 
is not completed before recrystallized grains appear. 
Eastwood., Bousu and Eddy <26) and Maddigan and Blank ( 27) 
have shown that the formation of nuclei are unnecessary 
in softening of lightly deformed metals. Eastwood, Bousu 
and Eddy <28> presented curves showing the e~~ect of prior 
cold deformation on the initial recrystallized grain size. 
More recently, Pratt (29) and French C3o) have presented 
annealing curves ~or 70-30 cartridge brass. French (30) 
studied the recrystallization o~ 70-30 cartridge brass 
and found among other things that the grain grovth is 
affected by composition, prior deformation and grain size 
(25) Wilson, J. E. and Thomassen, L., Trans. A.S.M., 
Vol. 22, p. 769, 1934. 
(26) Eastwood., L. w., Bousu, A. E. and Eddy, c. v., Trans. 
A.I.M.M.E., Vol. 117, p. 246, 1935· 
(27) Maddigan, S. E. and Blank, A. I., Trans. A.I.M.M.E., 
Vol. 137, P• 170, 1940. 
(28) Eastvood., L. w., Bousu, A. E. and Eddy, c. T., 
Trans. A.I.M.M.E., Vol. 117, p. 246, 1935· 
(29) Pratt, R. s., Mech. Eng. Vol. 64 (2), p. 119, 1942. 
(30) French, R. s., Trans. A.I.M.M.E., Vol. 156, p. 195, 
1944. 
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and that the amount of reduction determined the initial 
grain size of the recrystallized alloy. Cook and 
Richards (3l) have presented a comprehensive paper upon 
the effect of a wide range of prior rolling reductions 
by cold rolling on the directional characteristics of 
subsequently annealed 70-30 brass. 
(31) Cook, M. and Richards, T. L., Jnl. of Inst. of Metals, 





The experimental vork for this investigation was 
carried as tvo separate experiments. The first, designated 
Exp. IV, was exploratory in nature and of laboratory scale. 
The second, Exp. VI, vas an experimental production lot. 
The procedures used vill be described separately as will 
the data. The general discussion and conclusions will be 
based on t~combined data. 
Experiment IV· 
A plate of commercial 70-30 cartridge brass, o.460 in. 
thick, 24 in. long and 8 in. wide, was selected. The chem-





Zinc • Balance 
This plate had previously been cast as a 27 inch by 3! inch 
by 96 inch ingot, hot rolled to 0.500 inch and scalped 
to o.460 inch. 
The sample was cold rolled on a two-high rolling mill 
to a thickness of 0.141 inch in rive rolling passes. A 
portion of this coil was removed and tensile specimens were 
prepared. Four tensile specimens were annealed in e.n electric 
circulating air mutrle furnace one hour at temperature tor 
each of the follov.1ng temperatures; 125°c, i75°c, 200°c, 
225°c, 275°c, 300°c, 325°c, 350°c and 315°c. The 
14 
annealed samples vere then tested according to 
(32) A.S.T.M. methods the results or which are given 
in Table I. 
The remainder of the original coil was divided 
into three pieces and annealed in an electric muf'fle 
furnace as tollows: 
co11 #1 - 375°c 
Coil #2 - 200°c 
Coil #3 - 250°c 
All tor one hour 
at temperature. 
Arter annealing, each coil was cold rolled on a 
four-high rolling mill to a thickness or .039 in.--
a reduction in thickness of 72.3i. To remove edge 
cracks each coil was edge sheared, one-half inch 
being removed from each edge. Tensile test speci-
mens vere prepared as above and annealed at the 
folloving temperatures tor one hour at temperature 
in a circulating air electric muffle turnace: 175°c, 
The annealed tensile test samples vere then tested 
as above, the results or vhich are given in Tables 
II, III and J.V. 
(32) Am. Soc. Test. Materials, Part 2, 1952, E 8-52 T, 
E 18-42 and E79-49 T. 
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Each of the above coils were cut into two 
lengths and annealed in an electric mu:t'fle as fol-
lows: 
Coil /11 0 One-half at 200 C; the other, at 250°c 
Coil #2 One-half at 200°c; the other, at 375°c 
Coil /13 One-half' at 250°c; the other, at 375°c 
Each or these six coils were cold rollecr on a tour-
high rolling mill to a thickness of .013 inch. Four 
tensile test specimens from each of these six coils 
vere annealed in a circulating air electric muffle 
furnace at each of the following temperatures tor 
one hour at temperature: 150°c, 175°c, 200°c, 250°c, 
0 0 0 300 c, 400 c, and 500 c. 
The annealed tensile specimens were tested as 
above, the results or which are given in Tables v 
through x. Annealing curves illustrating the 
mechanical properties resulting from these annealing 
series are given in Figs. 4 through 13. 
X-ray photogre.ms using the Laue transmission 
technique vere prepared. The samples were etched to 
a thickness of 0.003 inch in concentrated nitric 
acid. These photogrems are shown in Figs. 16 through 
21. 
Exp. VI. 
A plate of commercial 70-30 cartridge brass, 
.460 inch thick, 24 inches Yi.de, and weighing approx!-
mately 2000 lbs., vas selected. Chemical analysis is: 
16 
Copper • 
Iron • • 
Lead 





This plate had previously been hot rolled from 3~ 
inches to 0.500 inch and scalped to 0.460 inch. 
The sample was cold rolled on a four-high, 
two-stand Tandem rolling mill to a thickness of 
0.150 inch. This metal was annealed in an elec-
tric mutfle furnace at a temperature or 200°c tor 
one hour at temperature. Rolling was continued on 
a four-high rolling mill to a thicknese ot 0.050 
inch. The original coil was slit into two ten-inch 
wide coils. One coil was annealed at a temperature 
of 200°c, the other coil at a temperature ot 375°c, 
both for one hour at temperature. Both coils were 
cold rolled to a final thickness or 0.018 inch. 
Following this final reduction tensile test speci-
mens vere prepared and annealed at various tempera-
tures in the same manner as those in Experiment IV. 
The annealing temperatures used were as follows: 
150°, 175°, 200°, 250°, 300°, 350°, 400°, 500°, and 
6oo0 c. The result of these tensile tests are given 
in Table XI. Annealing curves illustrating the 
annealed mechanical properties ot these coils are 
shown in Figs. 14 and 15. 
X-ray dittraction photogre.ms using the glancing 
angle technique were prepared. The rolling plane 
17 
was inclined at an angle or 25° to the primary 
beam vith the rolling direction 90° to the pri-
mary beam and the f'ilm perpendicular to the 
primary beam. These photograms are shown in Figs. 















Mechanical Properties ot 70-30 Cartridge Brass 
Arter Annealing at Various Temperatures 
EXP. IV 
Cold rolled trom 0.460" To 0.141" Annealed l hour at temperature 
Hardness Tensile Proportional Yield Strength 
R"B" Strength Limit .1;, Oi'teet 
1000 ESi 1000 EBi 1000 EBi 
92.5 96.6 34.4 75.0 
93.5 97.4 34.7 76.5 
96.0 101.7 42.4 84.3 
96.5 102.2 55.0 87.0 
95.5 99.8 56.6 86.7 
94.5 93.8 43.0 80.5 
81.0 70.8 27.9 48.3 
69.0 63.2 24.6 36.9 
63.5 60.8 23.6 33.6 
60.0 59.7 23.0 32.2 
56.5 58.3 22.5 30.6 
All values arithmetic mean of three samples 
All temperatures - 0c. 
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Elongation 
















Ae Rolled 97.0 









Mechanical Properties ot 70-30 Cartridge Brass 
After Annealing at Varioue Temperatures 
EXP. IV 
Metal thickness 0.039 inch 
Coil #1 Annealed 375°c 
Tensile Proportional Yield Strength 
Strength Limit .l'/, Offset 
1000 psi 1000 psi 1000 psi 
58.5 29.9 
109.6 44.o 86.7 
120.9 57.6 100.5 
118.9 58.3 101.0 
114.8 59.6 98.2 
85.8 36.7 64.5 
70.0 34.5 48.9 
69.8 31.1 44.4 
62.3 25.2 33.1 
53.4 17.1 18.7 
All values arithmetic mean or three samples. 
All temperatures - 0c. 
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Ae Rolled 97.5 









Mechanical Properties ot 70-30 Cartridge Brass 
After Annealing at Various Temperatures 
EXP. IV 
Metal thickness 0.039 inch 
Coil 2 Annealed 200°c 
Tensile Proportional Yield Strength 
Strength Limit .l~ Offset 
1000 ESi 1000 psi 1000 psi 
98.1 74.9 
1()9.8 48.o 89.0 
118.5 56.3 100.0 
118.6 59.7 101.8 
114.o 37.9 99.0 
79.2 34.3 60.0 
70.3 30.6 48.9 
67.8 25.5 45.0 
60.0 20.0 31.9 
51.2 16.2 18.6 
All values arithmetic mean of three samples. 
All temperatures - oc. 
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Se.mp le Hardness 
R"B" 
0.141" gauge 
Anneal 250°c 96.5 
As Rolled 97.5 









Mechanical Properties of 70-30 Cartridge Brass 
After Annealing at Various Temperatures 
EXP. IV 
Metal thickness 0.039 inch 
Coil #3 Annealed 250°c 
Tensile Proportional Yield Strength 
Strength Limit .lrlp o:rtset 
1000 ESi 1000 ;ESi 1000 ESi 
l00.5 77.0 
109.3 35.0 85.0 
116.5 59.2 99.0 
116.6 59.4 100.1 
114.1 57.5 97.2 
81.5 34.8 61.0 
69.7 32.4 47.5 
67.0 32.1 44.4 
59.6 25.8 31.2 
50.9 12.3 18.3 
All values arithmetic mean of three samples. 
All temperatures - 0c. 
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Elongation Grain 













As Rolled 97 








Mechanical Properties ot 70-30 Cartridge Brass 
After Annealing at Various Temperatures 
EXP. IV 
Metal Thickness 0.014 inch 
Coil #1 - 200 
Tensile Proportional Yield Strength 
Strength Limit .11' Offset 
1000 EBi 1000 psi 1000 ESi 
115.1 34.o 85.1 
120.1 40.8 92.3 
122.8 41.1 94.5 
123.3 49.7 99.1 
77.2 39.0 56.5 
70.9 36.6 48.5 
61.8 26.6 32.6 
50.8 15.0 17.2 
All values arithmetic mean of three samples. 
















Ae Rolled 96.5 
Anneal 150° 98.0 
" 175° 99.0 
" 200° 99.0 
II 250° 87.0 
" 300° 77.0 
" 4oo0 62.5 
" 500° 36 
TABLE VI 
Mechanical Properties ot 70-30 Cartridge Brass 
Atter Annealing at Various Temperatures 
EXP. IV 
Metal Thickness 0.014 inch 
Coil 1/:1 - 250 
Tensile Proportional Yield Strength 
Strength Limit .1~ o:r:tset 
1000 psi 1000 psi 1000 psi 
114.1 35.2 86.o 
ll8.6 49.0 93.7 
122.4 48.9 97.0 
121.7 54.9 102.3 
79.5 38.1 58.6 
69.5 32.7 46.5 
61.4 25.6 32.4 
21.7 14.2 17.7 
All values arithmetic mean ot three samples. 
All temperatures - 0c. 
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Elongation Grain 









Se.mp le Hardness 
R"B" 
As Rolled 97.0 








Mechanical Properties ot 70-30 Cartridge Brass 
Atter Annealing at Various Temperatures 
EXP. IV 
Metal Thickness 0.014 inch 
Coil :/12 - 200 
Tensile Proportional Yield Strength 
Strength Limit .l",, Of'tset 
1000 psi 1000 psi 1000 psi 
116.4 41.8 90.0 
122.4 IJ4.2 94.7 
123.l 50.3 99.6 
123.2 51.5 99.0 
77.6 38.4 55.5 
69.7 34.o 46.5 
59.3 24.o 31.4 
42·2 12.5 16.6 
All values arithmetic mean ot three samples. 
All temperatures - 0c. 
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As Rolled 93.5 








Mechanical Properties ot 70-30 Cartridge Brase 
Atter Annealing at Various Temperatures 
EXP. IV 
Metal Thickneee 0.014 inch 
Coil# 2 - 375 
Tensile Proportional Yield Strength 
Strength Limit .l~ Of:tset 
1000 pei 1000 psi 1000 psi 
107.5 47.6 86.1 
114.5 47.3 94.o 
119.4 49.7 98.7 
120.8 52.3 101.0 
89.6 37.8 66.2 
66.8 31.2 43.4 
61.3 26.1 33.4 
52.2 l~-2 18.4 
All values arithmetic mean ot three samples. 
All temperatures - 0c. 
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Elongation Grain 











As Rolled 96 
Anneal 150° 97 
II 175° 99 
" 2000 99 
II 250° 87 
II 300° 77 
II 4000 63 
" 500° 36.5 
TABLE IX 
Mechanical Properties of 70-30 Cartridge Brass 
After Annealing at Various Temperatures 
EXP. IV 
Metal Thickness 0.014 inch 
Coil #3 - 250 
Tensile Proportional Yield Strength 
Strength Limit .11' o:r:rset 
1000 psi 1000 psi 1000 psi 
114.3 48.2 90.4 
119.4 45.6 94.o 
122.l 56.9 102.3 
121.6 61.1 103.0 
83.2 36.2 60.7 
69.1 32.6 45.4 
60.3 26.0 32.2 
51.6 14.6 17.6 
All values arithmetic mean ot three samples. 
All temperatures - oc. 
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As Rolled 94.o 





4oo 0 62.0 
500° 36.0 
TABLE X 
Mechanical Properties ot 70-30 Cartridge Brass 
Atter Annealing at Various Temperatures 
EXP. IV 
Metal Thickness 0.014 inch 
Coil #3 - 375 
Tensile Proportional Yield Strength 
Strength Limit .l~ Oftset 
1000 psi 1000 psi 1000 psi 
110.l 47.4 86.9 
115.8 49.7 94.1 
120.0 50.9 98.8 
119.5 53.3 100.2 
92.0 37.1 68.3 
61.2 30.8 43.8 
60.7 25.2 33.3 
52.7 16.o 18.4 
All values arithmetic mean ot three samples. 
All temperatures - 0c. 
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As Rolled 121.0 










Mechanical Properties ot 70-30 Cartridge Brass 
Atter Annealing at Various Temperatures 
EXP. VI 
Metal Thickness 0.018 inch 
Coil 200 
Tensile Proportional Yield Strength 
Strength Limit .1~ Ottset 
1000 psi 1000 psi 1000 psi 
n4.3 26.1 79.6 
117.4 31.9 86.9 
119.6 46.6 96.7 
u9.5 52.5 99.7 
79.4 25.6 56.4 
69.8 28.6 46.l 
65.5 20.0 39.1 
61.1 21.4 31.6 
51.3 14.3 18.7 
46.5 9.0 13.4 
All values arithmetic mean ot tour samples. 
All temperatures - 0c 
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Elongation Grain 













As Rolled 120.0 
Anneal 150° 120.5 
" 175° 121.0 
" 200° 121.0 n 250° 119.5 
" 300° 112.5 
" 350° 110.0 
" 4oo0 107.5 
" 500° 98.5 
" 600° 95.0 
TABLE XII 
Mechanical Properties ot 70-30 Cartridge Brass 
Atter Annealing at Various Temperatures 
EXP. VI 
Metal Thickness 0.018 inch 
Coil 375 
Tensile Proportional Yield Strength 
Strength Limit .11' Ottset 
1000 psi 1000 psi 1000 psi 
lo8.7 19.6 83.1 
112.6 28.6 88.6 
116.0 40.3 95.3 
116.5 47.4 97.6 
95.8 28.3 72.1 
67.3 25.0 41.8 
63.7 26.8 37.0 
61.7 25.4 32.7 
53.2 9.2 19.1 
49.8 8.l 14.8 
All values arithmetic mean ot tour samples. 
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Fig. 4. Anneal:iJlg characteristics - Exp. IV, .141 11 metal. 
Fig. 5. Annea1ing characteristics - Exp. IV, Coil Ro. 1. 
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Fig. 6. Annealing characteristics - Exp. IV, Coil No. 2. 
Fig. 7. Annealing characteristics Exp. IV, Coil l·'o. 3. 
....... t • • • 
! • ·- t • .•. 
Fig. 8. Annealing characteristics - Exp. IV, No. 1-200. 
Fig. 9. Annealing characteristics - Exp. IV, No. 1-250. 
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Fig. 10. Annealin~ characteristics - Exp. IV. No. 2-200. 
Fig. 11. Annealing characteristics - Exp. IV, No. 2-375. 
Fig. 12. Annealing characteristics - Exp. IV, lfo. 3-250. 
Fig. 13. Annealing characteristics - Exp. IV, No. 3-375. 
Fig. 14. .\nncalint; characteristics - Exp. VI, l!o. 200. 
Fig. 1.5. Anneal.ing characteristics - Exp. VI~ No. 375. 
0. 039" prior to rolling to 
o. 013" 
O. 013" thick - 300°c anneal 
0. 013 • • thick - zoo0 c anneal 
O. O 13 • • thick - 400°c anneal 
Fig. 16. X-ray Diffraction Photograms - Sample 1-200. 
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0. 039 .. prior to rolling to 
0.013" 
0. 013" thick - 300°c anneal 
0. 013'' thick - 200°c anneal 
0. 013'' thick - 4000C anneal 
Fig. 17. X-ray Diffraction Phofograms - Sample 1-250. 
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0. 039" prior to rolling to 
0.013 .. 
O. 013" thick - 3oo0 c anneal 
O. 013 .. thick - zoo0 c anneal 
0. 013" thick - 400°C anneal 
Fig. 18. X-ray Diffraction Photograms - Sample 2.-ZOO. 
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0. 039 • • prior to rolling to 
0.013" 
o. O 13" thick - 30o0 c anneal 
O. 013" thick - zoo0 c anneal 
0. 013 • • thick - 4000C anneal 
Fig. 19. X-ray Dilfraction Pt.otograms - Sample Z-375. 
40 
0. 039" prior to rolling to 
0.013" 
O. 013" thick - 300°C anneal 
0. 013" thick - zoo0 c anneal 
0. 013 • • thick - 400° C anneal 
Fig. 20. X-ray Di!Iraction Photograms - Sample 3-ZSO. 
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o. 039" prior to rolling to 
o. 013" 
O. 013 .. thick - 300°c anneal 
0. 013' • thick - zoo0 c anneal 
O. 013 '' thick - 40o0 c anneal 
Fig. 21. X-ray Dilfraction Photograms - Sample 3-375. 
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O. 050" prior to rolling As rolled to O. 018" 
O. 018 .. thick - 200°c anneal O. 018" ttick - 2S0°C anneal 
O. 018 .. thick - 400°c anneal O. 018" thick - soo0 c anneal 
Fig. 22. X-ray Diffraction Photograms - Coil 200. 
o. oso·· prior to rolling As rolled to 0. 01s·' 
0. 018'' thick - 2.QOOC anneal 0. 018" thick - zsooc anneal 
O. 018" thick - 400°C anneal O. 018 .. thick - soo0 c anneal 
Fig. 23. X-ray Diffraction Photograms - Coil 375. 
DISCUSSION OF DATA 
--------
The mechanical properties which can be expected 
from 70-30 cartridge brass after various cold rolling 
reductions .are given in Table XIII. These values com-
pare favorably with other data ( 33) available • Some recent 
work (34 ) has resulted in the date. shown in Table XIV. 
An analysis of these de.ta shov that considerably greater 
ultimate strength and yield strength can be obtained 
through the use ot the process under investigation. The 
highest ultimate strength usually encountered in com-
mercial rolling practice is given in Table XIII e.s 1031 000 
psi tor 70'f, reduction in thickness. When material or 
this strength is given e. stress reliet anneal at 200°c., 
the strength can be increased to between 107,000 psi and 
110,000 psi. The process under study has given maximum 
strength of 124,000 psi. The yield strength is also in-
creased and it can be seen rrom Figs. 4 through 15 that 
the increase in yield strength is greater than the increase 
in ultimate strength. The change in the proportional 
limit is not consistent and theretore a definite state-
ment can be made. However, it appears that the change in 
the proportional limit might be greater than that or the 
(33) Unpublished data. 
(34) Unpublished de.ta. 
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Sample 








50.f11tt " 70.~ If 
TABLE XIII 
Mechanical Propertiee ot 70-30 Cartridge Braes 
Atter Cold Rolling Reductions 
Tensile Yield Elongation 
Stre gth Strength 
"' 
in 2" 
1000 psi 1000 pei 
58 29 50 
65 44 28 
82 63 8 
98 74 4 
103 '18 3 
48 11 65 
56 38 38 
71 57 13 
86 69 6 
95 75 3 
Data :trom Wilkins and Bunn (35) 















Comparison or the Mechanical Properties of 
Stress Relier Annealed 70-30 Cartridge Brass 
R.F. Tensile Yield Strength Elongation* 
Rolling Strength 0.1~ otrset 
"' 
in 2" 
Reduction 1000 ;2Bi 1000 ~Si 
.010/.012mm R. F. Grain Size 
4~ 96 83 43 
5CJ/> 102 89 42 
611> 107 93 40 
Exp. 
Process 120/123 100/102 36/37 
.030/.035mm Grain Size 
4CJI, 85 76 47 
5CJli. 91 81 46 











*Elongation and average grain size when the cold deformed 
to the lett is juet tully recrystallized. 
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ultimate strength and yield strength. 
The maximum strength values appear to be obtained 
at 200°c. However it will be noted, that on a number ot 
curves the maximum tensile strength occurs Just betore 
200°c. while on most of the curves the yield strength and 
proportional limit maxima occur at 200°c. The strength 
maxima are generally broad permitting some variation in 
annealing tem,peratures. This condition is ot course 
desirable tor a commercial process. 
0 The combination ot properties obtained after a 200 c. 
anneal appear to be quite satisfactory for spring applica-
tione. The high strength values generally are accomplished 
by higher endurance limits. Springs made from this ex-
perimental material could function at higher stress levels 
than regular "spring brass" permitting greater deflections. 
High strength :materials in general have poor bend properties. 
This material is no exception and it is expected to have 
poor bending properties expecially when the crease of the 
bend is parallel to the rolling direction. 
Referring to Table XIV, it can be seen that several 
trends have been shown. It appears that the following 
general rules are valid: 
1. The greater the cold rolling reduction prior 
to a stress reliet anneal, the greater will be 
the maximum ultimate tensile and yield strengths 
after the stress relief anneal. 
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2. The smaller the ready-to-finish grain size prior 
to a stress relief anneal, the greater will be 
the maximum ultimate tensile and yield strengths 
atter the stress relief anneal. 
The original theory that a low temperature stress relief 
anneal between cold rolling reductions would increase the 
maximum strengths at'ter a :tinal low temperature due to 
the effectively smaller grain size and higher rolling 
reductions, appears to be substantiated. 
A study o:t the curves shown in Figs. 4 through 15 
will reveal that recrystalliztion begins at a tempera-
ture just above that giving maximum strength. This is 
evidenced by the in:tlection point in the elongation curve. 
The rapid rate o:t increase in the elongation o:t the de-
formed metal is due to the increasing number o:t recrystal-
ized grains as the process o:t recrystallization progresses. 
This is of course, accompanied by decreases in strength and 
hardness. The next intlection point occurs when recrystal-
lization is complete. The lower rate o:t increase in 
elongation after this point is associated vi th grain 
growth. The subsequent elongation maximum and the de-
crease is associated vith relation between grain size 
and the thickness o:t the specimen. 
The first grain size point plotted on these curves 
indicates the lowest temperature sample in which we were 
able to de:tinitely determine complete recrystallization. 
In some cases we are confident that a lover temperature 
sample vas completely recrystallized as indicated by the 
change in mechanical properties. It was believed, however, 
that the de.ta as presented are complete enough to illus-
trate the processes under investigation. 
The data shown in Table XIV hint that larger cold 
reductions and smaller ready to finish grain sizes result 
in a. finer just fully recrystallized structure. A greater 
difference in these grain sizes was expected of the 
experimental process, the hope being that grain sizes 
less than 0.001 mm would result. Possibly greater re-
duction vould result in grain sizes in this range but the 
process would be impractical for commercial production. 
Another important trend is illustrated in Table XIV. 
It appears that the lower the final rolling reduction 
and the larger the grain size prior to this final re-
duction, the greater will be the elongation or the metal 
after a tinal anneal just sufficient to produce a fully 
recrystallized structure. 
The portion ot the annealing curves shown in Figs. 
4 through 15 between the maximum strength temperature 
and the temperature where the deformed metal is just 
tully recrystallized is ot considerable interest. In 
this range the elongation is higher tor any strength 
value than a specimen with equal strength resulting ~rom 
cold rolling. This range is also one in which the 
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mechanical properties change rapidly as the detormed 
metal is recrystallized. The experimental processes in-
vestigated increases the range ot strength available in 
this region but this extended strength· range runs through 
its entirity in approximately the same temperature range 
as lesser deformed samples. This is, tberetore, no 
advantage to be realized through the use ot the experi-
mental processes so tar as process control is concerned. 
The use ot these processes to commercially produced metal 
is this "anneal-to-temper" range is teasible only it 
annealing temperatures can be controlled within several 
degrees throughout the mass being annealed. 
X-ray ditfraction photograms tor representative 
stages o:t Experiment. IV are shown in Figs. 16 through 
21. In all these photograms, the roll.ing direction is 
vertical. There is a considerable di:tference in the 
patterns for the various processing methods. Two ot the 
six processes produce a tinal annealed structure with 
little preferred orientation. (Samples 2-375 and 3-375) 
In both cases the anneal prior to the final rol1ing re-
duction was above the recrystallization temperature. 
The tirst annealing treatment in these processes at 0.141 
inch thickness was varied, 2-375 having a 200°c. anneal 
while 3-375 was given a 250°c. anneal. The effect o:t this 
variable is not definitely shown in theee photograms; 
however, a more intensive X-ray diffraction study would 
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reveal the difterence which may exist. The other t'our 
processing methods result in a finish, ful1y recrystal-
lized product with considerable amounts of preferred 
orientation. No attempt has been made to analyze these 
photograme que.ntatively; however, the photogram of sample 
2-200 annealed at 4oo0 c. appears to have the greatest 
degree or preferred orientation. This sample represents 
the process wherein all the anneals were at a temperature 
of 200°c., the annealing temperature producing maximum 
strength in this alloy. 
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CONCWSIONS: 
1. The original theory that a low temperature stress re-
liet anneal between cold rolling reductions would 
increase the maximum strength after a final low tem-
perature stress relief anneal, due to the effective1y 
sme.11er grain size and higher rolling reductions, 
appears to be substantiated. 
2. 70-30 Cartridge brass can be produced w1 th tensile 
strengths significantly in excess of those resulting 
from conventional processes. 
3. The recrystal1ized grain size is smaller than that 
usually obtained in commercial practice. 
4. X-ray diffraction photogre.ms suggest that less preferred 
orientation results from this process when the anneal 
prior to the final rolling reduction is above the recry-
stallization temperature; the strength of the final 
product being only slightly reduced by this treatment. 
5. These experiments did not show the adaptability of this 
process to production methods. 
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SUMMARY 
Two se.mp1es ot 70-30 Cartridge Brass vere processed, 
one on a laboratory scale the other as a production lot, 
in an attempt to increase the maximum strength ot the alloy, 
to obtain smaller recrystallized grain size and to obtain 
better control ot the properties betveen maximum strength 
and recrystallization. The method used to attain these 
objectives consisted ot using stress relief anneals prior 
to rolling reductions instead ot the conventional recrys-
tallizing anneals. Various combinations ot annealing 
temperatures were employed including one above the re-
crystallization temperature. This processing resulted 
in greater strength values for the alloy and in a smaller 
recrystallized grain size. Better control ot the "anneal-
to-temper" range was not realized. The various treatments 
employed resulted in different degrees of preferred 
orientation in the final annealed product. 
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